All relevant data are within the manuscript and its Supporting Information files.

1. Introduction {#sec001}
===============

Global warming has been singled out as one of the most devastating effects of human activities \[[@pone.0235389.ref001]\]., especially for oceans, which absorb around 90% of the atmospheric heat. For water-breathing ectothermic, physiological functioning depends on the thermal condition \[[@pone.0235389.ref002],[@pone.0235389.ref003]\]. The rise in water temperature directly affects fishes' metabolism, increasing respiration rate, nutritional requirements, and other physiological and behavioral responses such as reproduction and immunological defense \[[@pone.0235389.ref004]--[@pone.0235389.ref008]\]. Moreover, for the reef fishes the impact is exacerbated because algae and coral that make up reef's structural foundation are even more sensitive to temperature rise. The three-dimensional structure and food source offered by the coral communities favor the establishment of hundreds of species, and the immediate impact of warming will be loss of diversity and changes in fish community composition \[[@pone.0235389.ref009],[@pone.0235389.ref010]\].

Reef fishes exhibit a complex behavioral repertoire, and subtle changes in behavior are usually associated to fluctuations in environmental conditions \[[@pone.0235389.ref007]\]. Thus, reef fishes are important organisms in determining how environmental changes can modulate behavior and help us understand their potential influence on reef ecosystems. Environmental changes were shown to affect fish cognition \[[@pone.0235389.ref011]\], personality \[[@pone.0235389.ref012]\], reproduction patterns \[[@pone.0235389.ref013]\], social interactions, migration and even species diversity of reef dwellers \[[@pone.0235389.ref014]\].

Some reef-fish populations are sensitive to slight increases in water temperature \[[@pone.0235389.ref015]\], while others tolerate higher temperature variations \[[@pone.0235389.ref016],[@pone.0235389.ref017]\]. The dusky damselfish (*Stegastes fuscus*) occurs along almost the entire Brazilian coast (from 5°S to 27°S), featuring a wide range of thermal gradients. Studies on a related species from the Pacific (*Chromis atripectoralis*) indicated that the thermal optimum is around 1°C above its regional maximum summer temperature (30°C; \[[@pone.0235389.ref017]\]). Damselfishes play an important ecological role by affecting the structure of benthic and coralline communities \[[@pone.0235389.ref018]--[@pone.0235389.ref020]\] and controlling algal diversity \[[@pone.0235389.ref021]\]. These species are largely territorial, exhibit aggressive behavior toward other herbivorous species and contribute to energy and nutrient transfer in reef environments, as a result of their gardening ability \[[@pone.0235389.ref022]\].

If global warming projections for the end of this century materialize, ocean water temperatures may increase 2--4°C on average, and important conditions for preserving marine life will be affected \[[@pone.0235389.ref023],[@pone.0235389.ref024]\], including the structural complexity of reefs \[[@pone.0235389.ref025]\]. In this study we evaluated whether water temperature and structural complexity of the habitat affect mobility patterns, tank occupation, and behavioral profile of the damselfish *Stegastes fuscus*. For this, we subjected the animals to classic mirror test and observed if animals kept at high temperature and barren conditions (mimicking the worst forecast scenario for the future) present significant changes in behavior when compared to fish kept at natural temperature and enriched or barren habitat. As increase in temperature raises the metabolic rate of fish and promotes direct influences in behavior, we suggest that natural aggressive behavior of *S*. *fuscus* would be affected.

2. Materials and methods {#sec002}
========================

2.1 Animal sampling and holding conditions {#sec003}
------------------------------------------

Animals were collected from Pirambúzios beach (6°03'25"S and 35°05'53"W), Nísia Floresta, Rio Grande do Norte state, Northeastern Brazil, as authorized by the Brazilian Institute of Environment and Natural Resources (IBAMA License Number 62318-1/2018). The tide pools that form at this beach serve as a refuge for various marine communities \[[@pone.0235389.ref026]\]. The average maximum coastal water summer temperature is 30⁰C \[[@pone.0235389.ref027]\], but reaches 36°C in the tide pools (critical temperature occurring only at low tide and for short periods of time), salinity remains between 36 and 40ppt, and pH is around 8.0 \[[@pone.0235389.ref028]\].

Dusky damselfish (*S*. *fuscus*) were collected from the tide pools in two sampling moments (average size and weight of 8.99 ± 1.04 cm, 18.83 ± 4.29 g and 8.27 ± 0.80 cm, 13.41 ± 2.99 g at the first and second capture, respectively) using a cast net (3m diameter, 10mm mesh size). Fish were immediately stored in 30-L containers with seawater and air stones to maintain oxygen level. Next, they were taken to the laboratory and placed in glass tanks (33 x 30 x 30 cm; 25L) at the Fish Vivarium, Department of Physiology and Behavior, Federal University of Rio Grande do Norte. Saltwater was previously prepared (Red Sea Salt, Red Sea, Houston, USA) and the tanks filled. Salinity was maintained at 36ppt, and a 12:12H light:dark cycle was established.

Every 12 tanks formed a closed recirculating system, in which water was kept aerated and filtered (mechanical, chemical and biological filters) and maintained at a controlled temperature by a thermostat. Fish were individually held in isolated tanks to avoid physical confrontation and damages. One system (12 tanks) was kept at 28°C, the average water temperature on the Brazilian coastal reefs where animals were sampled \[[@pone.0235389.ref027]\], and the other (12 tanks) at 34°C, the expected warming of tropical oceans projected to occur by the end of this century \[[@pone.0235389.ref024]\]. Since 34°C is considered the long-term thermal limit for several species of reef fish \[[@pone.0235389.ref017]\], it represents the worst global warming scenario. To reach 34°C, tanks at 28°C were subjected to a 0.5°C temperature increase every 2 hours for 24h. Tanks were also enriched or kept clean to provide a complex or barren habitat, respectively. The high-complexity habitat consisted of covering the walls and bottom of the tank with wallpaper simulating marine gravel substrate, and including a shelter (6 x 6 x 15 cm hollowed brick) and plastic plants in the tanks. The barren (low-complexity) habitat contained none of the aforementioned items and the tank was kept completely clean. Thus, four groups were formed: "complex habitat at 28°C" (28C group--n = 12); "complex habitat at 34°C" (34C group--n = 06); "barren habitat at 28°C" (28B group--n = 9); and "barren habitat at 34°C" (34B --n = 9). Fish were kept in these conditions for 1 month before the behavioral tests. They were fed twice a day *ad libitum* with frozen *Artemia salina*, shrimp paste and dried food pellets (algae-based tetra marine salt granules). When any type of disease/injury was observed during the 30- day period or when fish stopped feeding for more than 5 days, fish were excluded from the behavioral test, resulting in groups with different sample sizes. A total of twelve fish were excluded from the tests. Following the research data collection, all animals used were euthanized using clove oil anesthetic. All animal procedures were authorized by the Animal Ethics Committee of the Federal University of Rio Grande do Norte (CEUA 100.12/2018).

2.2 Behavioral tests {#sec004}
--------------------

The experimental tanks (40 x 20 x 25cm, 15L) were filled with water under the same conditions and temperature as the stocking systems where each group was maintained, and an air stone provided constant aeration. The tanks were covered with white paper to prevent the fish from having any contact with the outside environment, but the right and the front walls remained uncovered for experimental purposes. A white partition was placed in front of the right wall, but could be removed when needed, allowing the fish to see a mirror positioned at 45° \[[@pone.0235389.ref028]--[@pone.0235389.ref031]\]. In this position, one corner of the tank (Q1) was closer to the mirror than the other (Q2). On the opposite sides of the mirror (Q3 and Q4) were areas of less interactivity with the mirror image, where less responsive animals were expected to remain longer ([Fig 1](#pone.0235389.g001){ref-type="fig"}). The uncovered front wall allowed a camera (SONY^®^ DCR-SX45) to record fish behavior (camera positioned 50 cm from the tank), while another camera (SONY^®^ DCR-SX45) was placed 1m above the tank in order to record fish movements. Fish were not fed during behavioral tests.

![Schematic overview of the tank (15L, 40x20x25 cm) used for the mirror test.\
Walls were covered with opaque white film, except the front and mirror walls. The wall that allowed mirror view was covered for the first 5 min of behavioral recording (basal behavior). The cover was then removed and the fish had access to its own image for 5 min. Behavior was recorded from the front to analyze aggression, and from above to assess fish distribution in the tank. Remaining longer in quadrant 1 (Q1) indicates close contact with the mirror image, followed by Q2, while lingering in Q3 and Q4 suggests greater distance from the mirror image.](pone.0235389.g001){#pone.0235389.g001}

Fish from the 4 stocking conditions (28C, 34C, 28B, 34B) were individually placed in the center of experimental tank, and after a 2- min acclimation period, behavior was recorded from the overhead and frontal cameras. During the first 5 min of recording, the white partition prevented the fish from seeing the mirror. The partition was then removed and fish behavior was recorded for another 5 min. The animals were then returned to the stock tanks.

Behavior recorded by the frontal camera was visually tracked to identify aggressive displays directed toward the mirror. The number and type of displays were quantified. *Attacks* where considered when the fish approached the mirror from the front or the side quickly and/or successively, opening its mouth and trying to bite the side of the tank in contact with the mirror, and *Threats* when it erected its dorsal, pelvic and anal fins close to the mirror. *Immobility* was considered when the fish remained still for 2s or more, *Vigilance* when it moved through the tank fins down, and *Substrate nibbling* when it bit any possible particle at the bottom of the tank (no food was offered, thus it was recorded as a typical foraging behavior observed in nature). Locomotion was recorded from the overhead camera and analyzed using tracking software developed in MatLab \[[@pone.0235389.ref032]\]. The overhead view made it possible to divide the bottom of the tank into 4 quadrants: Q1 was the closest to the mirror, Q2 the side area where the mirror offered a more distant view of the image, and Q3 and Q4 were the back areas ([Fig 1](#pone.0235389.g001){ref-type="fig"}; see video at <https://www.youtube.com/watch?v=wz_aOkiunOA&feature=youtu.be>). The time spent in each quadrant and average swimming speed were measured. For speed, calculations are performed on a series of frames to produce quantified measurements of the animal behavior. It is known the position of the animals for each frame of the video, and the number of frames per second. Thus, the series of frames is analyzed, and the number of frames changed in a certain time is used to estimate the animal\'s movement.

2.3 Statistical analysis {#sec005}
------------------------

All comparisons were performed through independent analyses before and after mirror exposure. We decided not to use \'time\' as a factor due to the dependence between two periods and because analysis of time spent in each quadrant (see details below) would result in two dependent factors in the same analysis (\'time\' and \'quadrant\').

The effects on mobility were evaluated using swimming velocity and immobility time. Each variable was compared separately between 'temperature regime' (fixed, '28°C' and '34°C') and 'habitat complexity condition' (fixed, 'complex' and 'barren'), and the respective interaction, applying two-way ANOVA. Data were checked for normality (Komogorov-Smirnov test) and homoscedasticity (Levene test), and when a divergence was observed (swimming velocity and immobility time after mirror exposure) square-root transformation was applied. For significant sources of variation, *posthoc* pairwise comparisons were evaluated using the Student-Newman-Keuls test.

The effects on aggressive behavior were assessed considering the time spent in each quadrant, related to mirror position, as a proxy of aggressiveness level (see methods). Since the time spent in one quadrant is dependent on the others, repeated measures ANOVA was performed for each of them, with 'temperature regime' ('28°C' and '34°C') and 'habitat complexity' ('complex' and 'barren') as fixed factors, and 'quadrant' (Q1, Q2, Q3 and Q4) as the repeated measure. Data were square-root transformed and Greenhouse-Geisser correction was applied when epsilon was lower than 0.75 \[[@pone.0235389.ref033]\]. For significant sources of variation, the differences were highlighted by applying descriptive analysis \[[@pone.0235389.ref034]\].

Behavioral effects were evaluated using a multivariate approach. After the data on percentage of behaviors were square-root transformed, they were used to build a resemblance matrix with Bray-Curtis distance. To test homogeneous dispersion, data were assessed using the PERMDISP procedure (permuted dispersion, which tests for homogeneity of dispersions). Following these procedures, PERMANOVA with 999 permutations \[[@pone.0235389.ref035]\] was carried out using the same model applied in univariate comparisons for swimming velocity and immobility time. For significant sources of variations, pairwise comparisons were performed and SIMPER analyses conducted to highlight the behaviors that most contributed to these differences.

The univariate analyses (two-way and repeated measures ANOVA tests) were performed in the software Systat 12 and the multivariate procedures (PERMANOVA and SIMPER tests) in the software Primer 6 with PERMANOVA add-on.

3. Results {#sec006}
==========

Swimming velocity varied between habitat complexity depending on the temperature regime, both before and after mirror exposure ([Table 1](#pone.0235389.t001){ref-type="table"} and [S1 Data](#pone.0235389.s001){ref-type="supplementary-material"}). The differences between habitat complexity occurred only at 34 degrees. Fish from the complex habitat decreased velocity before mirror exposure and those from the barren habitat increased it after the same exposure ([Table 1](#pone.0235389.t001){ref-type="table"} and [Fig 2](#pone.0235389.g002){ref-type="fig"}). For immobility time, we observed an effect only after mirror exposure, where fish from barren tanks showed a decrease at 34°C ([Table 1](#pone.0235389.t001){ref-type="table"} and [Fig 2](#pone.0235389.g002){ref-type="fig"}).

![Effects of temperature (28 and 34°C) and habitat structure (complex and barren) on dusky damselfish mobility (swimming velocity and immobility time) before and after mirror exposure.\
Combinations of temperature and habitat structure with the same letter above the bars are not statistically significant (p\>0.05 in Two-Way ANOVA tests) (For details, see [Table 1](#pone.0235389.t001){ref-type="table"}). Data correspond to average values ±SE.](pone.0235389.g002){#pone.0235389.g002}

10.1371/journal.pone.0235389.t001

###### Two-way ANOVA to compare 'Swimming velocity' and 'Immobility time' between temperature (28 and 34°C) and habitat structure (complex and barren) in the dusky damselfish before and after mirror exposure.

![](pone.0235389.t001){#pone.0235389.t001g}

  Swimming velocity                                                                                                                                                       
  ------------------- ------------------------------------------------------- ------------------------------------------------------ ------- ----------- -------- ------- --------------
                      **Before mirror** *(KS--p = 0*.*128; L--p = 0*.*718)*   **After mirror** *(KS--p = 0*.*061; L--p = 0*.*493)*                                        
  **Source**          **DF**                                                  **MS**                                                 **F**   **P**       **MS**   **F**   **P**
  **Temp.**           1                                                       0.55                                                   0.14    0.714       1.14     6.32    **0.017**
  **Compl.**          1                                                       2.14                                                   0.53    0.471       2.39     13.20   **0.001**
  **T x C**           1                                                       33.60                                                  8.34    **0.007**   2.81     15.55   **\< 0.001**
  **Error**           32                                                      4.03                                                                       0.18             
                      **Before mirror** *(KS--p = 0*.*457; L--p = 0*.*141)*   **After mirror** *(KS--p = 0*.*125; L--p = 0*.*373)*                                        
  **Source**          **DF**                                                  **MS**                                                 **F**   **P**       **MS**   **F**   **P**
  **Temp.**           1                                                       18.67                                                  0.01    0.941       19.73    4.26    **0.047**
  **Compl.**          1                                                       4.08                                                   0.00    0.973       24.43    5.27    **0.028**
  **T x C**           1                                                       12892.76                                               3.80    0.060       33.49    7.23    **0.011**
  **Error**           32                                                      108674.99                                                                  4.63             

Square root-transformed data were used for swimming velocity after mirror exposure in order to achieve ANOVA assumptions. Bold p-values correspond to significant effects. KS--Kolmogorov-Smirnov test for normality; L--Levene test for homoscedasticity; Temp./T--temperature; Compl./C--complexity of the habitat. DF = degrees of freedom, MS = mean squared

The time spent in different quadrants under the two temperature regimes depended on habitat complexity, both before and after mirror exposure ([Table 2](#pone.0235389.t002){ref-type="table"}). Before exposure at 28°C, the fishes spent more time in quadrant 4 (lower aggressiveness), with a greater difference observed when the habitat was barren (28C versus 28B). At 34°C, although the fishes also spent more time in quadrant 4, the opposite was observed, with a larger difference when the habitat was structurally more complex ([Fig 3](#pone.0235389.g003){ref-type="fig"}). After mirror exposure, fishes remained longer in quadrant 1 (*i*.*e*. more aggressive) under both temperature regimes. However, fish at 28°C showed a greater behavioral change (from quadrant 4 to quadrant 1), while fish at 34°C occupied the other quadrants (less aggressive when compared to quadrant 1). Also, fish from complex habitat remained longer in quadrant 1 than fish from barren habitat ([Fig 3](#pone.0235389.g003){ref-type="fig"}).

![Effects of temperature (28 and 34°C) and habitat structure (complex = black bars and barren = gray bars) on dusky damselfish dispersion in the tank (time spent in each quadrant) before (graph A) and after (graph B) mirror exposure (p\>0.05 in Repeated Measures ANOVA tests) (For details, see [Table 2](#pone.0235389.t002){ref-type="table"}).\
Data correspond to average values ±SE; no pairwise comparisons were performed since this was analyzed using Repeated Measures ANOVA.](pone.0235389.g003){#pone.0235389.g003}

10.1371/journal.pone.0235389.t002

###### Repeated Measures ANOVA for comparisons of time spent in each quadrant considering the different temperatures (28 and 34°C) and environments (complex and barren) in the dusky damselfish before and after mirror exposure.

![](pone.0235389.t002){#pone.0235389.t002g}

                           Before mirror *(ε -- 0*.*716)*   After mirror *(ε -- 0*.*689)*                                                    
  ------------------------ -------------------------------- ------------------------------- -------- ------- -------------- -------- ------- --------------
  ***Between subjects***                                                                                                                     
                           **Temp.**                        1                               1.17     0.32    0.575          1.86     0.76    0.390
                           **Compl.**                       1                               3.19     0.88    0.357          8.80     3.61    0.067
                           **T x C**                        1                               10.50    2.88    0.100          0.60     0.25    0.624
                           **Error**                        32                              3.65                                             
  ***Within subjects***                                                                                                                      
                           **Quadr.**                       3                               181.44   13.90   **\< 0.001**   166.46   16.27   **\< 0.001**
                           **Q x T**                        3                               0.92     0.07    0.942          27.26    2.67    0.075
                           **Q x C**                        3                               2.90     0.22    0.817          1.97     0.19    0.832
                           **Q x T X C**                    3                               47.50    3.64    **0.029**      33.06    3.23    **0.044**
                           **Error**                        96                              13.05                           10.23            

Data were square-root transformed and p-values were subjected to Greenhouse-Geisser correction. Bold p-values correspond to significant effects. Temp./T--temperature; Compl./C--complexity of the habitat; Quadr/Q--quadrant. DF = degrees of freedom. MS = mean squared

Aggressive and locomotor behavior differed due to the temperature before mirror exposure and the interactive effect of temperature and habitat complexity after mirror exposure (Two-Way PERMANOVA, [Table 3](#pone.0235389.t003){ref-type="table"}). Before mirror exposure, more threat behavior occurred at 34°C and more vigilance, immobility and feeding at 28°C ([Fig 4](#pone.0235389.g004){ref-type="fig"} and [Table 4](#pone.0235389.t004){ref-type="table"}). However, there was a trend to a habitat complexity effect at 34°C, resulting in more threat behavior in the barren condition and more vigilance in its complex counterpart ([Fig 4](#pone.0235389.g004){ref-type="fig"} and [Table 4](#pone.0235389.t004){ref-type="table"}). After mirror exposure, attack behavior became more frequent (almost absent before mirror exposure) and an integrative effect between temperature regime and habitat complexity was observed ([Fig 4](#pone.0235389.g004){ref-type="fig"} and [Table 3](#pone.0235389.t003){ref-type="table"}). Overall, there were more attacks at 28°C when compared to 34°C, but habitat complexity played a larger role at 34°C, with more attacks and threats when the habitat was barren and more immobility and vigilance when it was complex ([Fig 4](#pone.0235389.g004){ref-type="fig"} and [Table 4](#pone.0235389.t004){ref-type="table"}).

![Effects of temperature (28 and 34°C) and habitat structure (complex and barren) on dusky damselfish behavior before and after mirror exposure.\
Combinations of temperature and complexity with the same letter above the bars are not statistically significant after pairwise comparisons (p\>0.05 in pairwise comparisons using permutation tests) (For details, see Tables [3](#pone.0235389.t003){ref-type="table"} and [4](#pone.0235389.t004){ref-type="table"}).](pone.0235389.g004){#pone.0235389.g004}

10.1371/journal.pone.0235389.t003

###### Two-way PERMANOVA comparing the set of behaviors under different temperatures (28 and 34°C) and habitat structures (complex and barren) in the dusky damselfish before and after the mirror exposure.

![](pone.0235389.t003){#pone.0235389.t003g}

               Before mirror *(PERMDISP--p = 0*.*930)*   After mirror *(PERMDISP--p = 0*.*057)*                                      
  ------------ ----------------------------------------- ---------------------------------------- ------ ----------- -------- ------ -----------
  **Temp.**    1                                         2997.4                                   4.77   **0.007**   1166.8   2.91   0.060
  **Compl.**   1                                         2065.3                                   3.29   0.051       636.8    1.59   0.205
  **T x C**    1                                         1884.9                                   3.00   0.069       2258.5   5.64   **0.009**
  **Error**    32                                        628.42                                                      400.5           

Data were square-root transformed in order to better achieve homogeneous dispersion. Bold p-values correspond to significant effects. Temp./T--temperature; Compl./C--complexity of the habitat. DF = degrees of freedom, MS = mean squared, PERMDISP = permuted dispersion.

10.1371/journal.pone.0235389.t004

###### SIMPER results for the behaviors that most contributed to the differences observed after pairwise comparison for significant effects obtained in PERMANOVA.

![](pone.0235389.t004){#pone.0235389.t004g}

  Behavior         Before mirror   After mirror                               
  ---------------- --------------- -------------- ------------- ------------- -------------
  **Immobility**   3^rd^ (28)      3^rd^ (34C)    4^th^ (28C)   2^nd^ (28B)   4^th^ (34C)
  **Vigilance**    2^nd^ (28)      4^th^ (34C)    2^nd^ (28C)   3^rd^ (28B)   3^rd^ (34C)
  **Feeding**      4^th^ (28)                                                 
  **Threat**       1^st^ (34)      2^nd^ (28C)    1^st^ (34B)   1^st^ (34B)   1^st^ (34B)
  **Attack**                       1^st^ (28C)    3^rd^ (28C)   4^th^ (28B)   2^nd^ (34B)

For each comparison between two conditions, behaviors were ranked in terms of contribution. The code in parentheses indicates the condition in which the behavior was more frequent: 28°C, 34°C, Complex--C or Barren---B.

4. Discussion {#sec007}
=============

We observed that changes in temperature and complexity affect mobility and aggressiveness in the dusky damselfish (*S*. *fuscus*). An increase in water temperature from 28 to 34°C (mimicking global warming predictions) and a decrease in habitat complexity (mimicking the loss of complexity due to coral mortality predicted in global warming scenarios) increased motor activity and decreased the emission of typical agonistic displays. This result suggests that environmental temperature and structure affect the natural behavioral repertoire of *S*. *fuscus* and thus, the strength of interspecific competition may be disturbed and affect habitat use and the interactions in the reef community. Although the species shows high behavioral plasticity \[[@pone.0235389.ref036]\], it may require longer to properly cope with drastic environmental changes.

It is forecasted that the rate of warming will accelerate in the near future \[[@pone.0235389.ref037]--[@pone.0235389.ref039]\]. Thermal stress, one of the leading direct climate-related threats to reef ecosystems \[[@pone.0235389.ref040]\], may result in increased frequency and intensity of coral bleaching \[[@pone.0235389.ref041]\], algae population decline \[[@pone.0235389.ref042]\] and dispersion of reef species \[[@pone.0235389.ref043],[@pone.0235389.ref044]\]. Warming may lead to increased metabolic activity in fishes, potentially causing cardiac and ventilatory overload \[[@pone.0235389.ref015]\] and consequent reduction in the animal\'s aerobic scope \[[@pone.0235389.ref045]\]. Thermal stress was already shown to cause behavioral changes that are usually followed by reduced ability to exploit resources \[[@pone.0235389.ref046]\], decreased immunity response \[[@pone.0235389.ref047],[@pone.0235389.ref048]\], reproductive losses \[[@pone.0235389.ref006],[@pone.0235389.ref049]\], and failure to recognize environmental cues \[[@pone.0235389.ref050],[@pone.0235389.ref051]\]. A recent study on butterflyfishes showed reduced aggression due to reef's complexity loss \[[@pone.0235389.ref004]\].

The dusky damselfish appears to tolerate some temperature variation: it can withstand acute temperature increase caused by seawater entrapped in small tide pools that can reach 36°C (personal observation). However, their tolerance time-range seems to be narrow (i.e., only 4--6 hours of the low tide). In this scenario, fish seem to reduce locomotion and the percentage of time invested in agonistic behaviors until the flow returns to higher levels, and the animals have access to the open sea. In contrast, the present study imposed a more extended period of high temperature (30 days), and *S*. *fuscus* tolerance zone may have been exceeded to enter the resistance zone. Warming caused a decrease in costly displays (threats, attacks) that were replaced by more economical ones, such as vigilance. Although fish spent more time close to the mirror (after mirror exposure), showing that warming did not affect the ability to notice a conspecific invader, it changed the way fish interact with the intruder. Thus, increased water temperatures seem to affect the behavioral trade-off between signaling and fighting against the intruder, a result that is consistent with our prediction.

The locomotor patterns observed in *S*. *fuscus* did not indicate loss of swimming velocity ([Fig 2](#pone.0235389.g002){ref-type="fig"}), as found in other species of damselfish \[[@pone.0235389.ref052]--[@pone.0235389.ref055]\]. The decreased aggression observed in increased water temperature may be related to nutritional deficit following temperature rise and complexity loss, as an economic strategy to cope with increased metabolism \[[@pone.0235389.ref004], [@pone.0235389.ref056],[@pone.0235389.ref057]\]. Therefore, the ecological relations of the damselfish with the coral reef community would be compromised.

We observed that fish kept in the barren environment exhibited more aggressive displays than those in a complex environment, similar to what occurs with salmonids \[[@pone.0235389.ref058]\]. Overall levels of aggression tend to be higher in less complex environments \[[@pone.0235389.ref012]\], given that more aggressive animals have preferential access to resources \[[@pone.0235389.ref059]\] or more mating opportunities \[[@pone.0235389.ref060]\]. Thus, it seems that barren environments, where there are fewer habitat sharing options, lead to a single solution: increased aggressiveness to guarantee territory, even if it involves more stress and higher energy costs.

Although the combination of high temperature and barren condition was the worst for *S*. *fuscus*, the enrichment of the 34°C ambient seemed to compensate thermic stress, as was suggested by Goldenberg et al. \[[@pone.0235389.ref061]\]. Other authors have shown that enrichment increases neurogenesis and decreases anxiety-like behavior in fish \[[@pone.0235389.ref062],[@pone.0235389.ref063]\]. Several other studies have discussed the importance of environmental complexity, which seems to favor behavioral plasticity \[[@pone.0235389.ref064],[@pone.0235389.ref065]\] and decline stress levels \[[@pone.0235389.ref066],[@pone.0235389.ref067]\], in addition to affecting reef predation and competition rates \[[@pone.0235389.ref068],[@pone.0235389.ref069]\]. The structural complexity of the habitat is related to ecologically diverse environments with high fish abundance \[[@pone.0235389.ref070]\], because a more complex environment provides elevated niche and resource variability \[[@pone.0235389.ref071]\], producing areas that can harbor more biological diversity and fish biomass when compared to less structurally complex environments \[[@pone.0235389.ref072],[@pone.0235389.ref073]\]. Thus, habitat structure may ultimately change the behavioral pattern of species \[[@pone.0235389.ref074]\]. As such, the reef ecosystem complexity, which is considered of utmost importance for species diversity and richness \[[@pone.0235389.ref025],[@pone.0235389.ref075]--[@pone.0235389.ref078]\], is being threatened by the global warming, and many species that occur exclusively on reefs are endangered.

The predicted global warming will affect species distribution and lead to profound changes in the three-dimensional structure of reefs \[[@pone.0235389.ref079]\]. In our study, we heated the tank water to the temperature predicted for the end of this century (34°C) and maintained it for one month, observing several behavioral effects on the dusky damselfish (*S*. *fuscus*) that may have cascading effects on reef community. Rather than overall effects on the reef, our results suggest ocean warming reduces the damselfish ability to maintain their territories and consequently control other species' growth by their gardening role. Losing territory size due to decreased aggressiveness is likely to scale up and affect interaction networks in the reefs (e.g., gardening, competition, predation, foraging, reproduction, navigability, and niche partitioning). Changes in behavior are only the tip of the iceberg of many and much more harmful changes, and strategies to mitigate global warming effects are urgently needed to prevent such a future adverse scenario.

Supporting information {#sec008}
======================

###### 

(XLSX)

###### 

Click here for additional data file.

10.1371/journal.pone.0235389.r001

Decision Letter 0

Pinheiro

Hudson Tercio

Academic Editor

© 2020 Hudson Tercio Pinheiro

2020

Hudson Tercio Pinheiro

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

4 Nov 2019

PONE-D-19-24418

Damselfish face climate change: impact of temperature and habitat structure on agonistic behavior

PLOS ONE

Dear Dr. Luchiari,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by January 2, 2020. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Hudson Tercio Pinheiro

Academic Editor

PLOS ONE

Journal Requirements:

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In your Methods section, please include a comment about the state of the animals following this research. Were they released, euthanized or housed for use in further research? If any animals were sacrificed by the authors, please include the method of euthanasia and describe any efforts that were undertaken to reduce animal suffering.

3.  We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For more information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

\* In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially sensitive information, data are owned by a third-party organization, etc.) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

Additional Editor Comments (if provided):

Dear Authors,

Based on the comments of the reviewers, the manuscript will require substantial revision and will need to be re-reviewed. I invite the authors to address each issue raised by the reviewers in a response letter, and submit a fully revised ms.

Kind regards,

Hudson T. Pinheiro

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: General comments:

This study tries to address an important and timely topic regarding how warming might affect fish behaviour. However, the authors frame their work around only one behaviour (agonistic behaviour) for a single species, making the study not relevant to a broad public. Moreover, I have some concerns about a few passages of the text, which are hard to understand and flaws (manly on the figures) that could compromise the interpretation of the results. Additionally, the discussion and conclusion are based on motherhood statements that might not convince the readers. Given these problems, I wasn't convinced that this manuscript presents compelling and generalisable messages for the readership of Plos One.

Specific comments:

Abstract:

Line 18: The author\'s statement "Due to the high anthropogenic impact of temperature, the pH, oxygen and structural complexity of many environments has changed." sounds wrong. I would rephrase it. Warming is caused by the increase in atmospheric CO2 concentration, and the way that warming regulates pH could be somehow questionable, once that drops in pH (ocean acidification) is also directly associated with elevated atmospheric CO2 and primary production.

Line 24: This is unnecessary information "Fish behavior was recorded for 5 min before 25 and 5 min after mirror exposure."

Line 28-30: Motherhood statement that does not move the field forward and also does not match with the study finds.

Introduction:

I found the introduction extremely hard to read, and sometimes sounds that the authors had copy paste statements in a shallow attempt to build a case. I would suggest to the authors to do a complete reconstruction of the introduction.

Line 35-58: The first two paragraphs could be easily mutated to a single paragraph.

Line 80-91: The hypothesis tested is based on assumptions not evaluated during the experiment which in my opinion is the biggest flaw in the study. Climate change is known for affecting species with different strength (some species may have suffered stronger physiological setbacks than others), such negative effects could be diminished or buffered by environmental complexity (see Goldenberg et al. 2018) and species interactions. Additionally, behaviour changes could be a simple and straightforward strategy to diminish physiological impairments or even take a chance to boost performance (Ferreira et al. 2018).

Materials and Methods:

Line 103: the sample size appears to be wrong by my calculations you collected 36 fish. Am I wrong?

Results:

First, due to low replication (sampling size vary from 6 to 12), I would appreciate seeing individual data points in the figures. Second, Figure 3, in my opinion, is not necessary. Figure 4, does not necessarily help since behaviour is not been affected by habitat complexity (left panel) and temperature (right panel) appears to have only a mild effect on fish behaviour, and as I said before, complexity buffer warming effects (Goldenberg et al. 2018).

I do have a question. During the behaviour test, the authors took feeding into account. However, is not clear in the experiment design how much food was available or how the authors made it available. Was it turf algae that grew in the experimental setup or it was food pallets? Was the food available in the same amount for all fish? Note that it could have serious implications on the results of the experiment. I would expect that fish in low complexity and higher temperatures would spend more time feeding (based on Metabolic Ecology Theory by Brown et al. 2004), or gardening (Ferreira et al. 2018, to avoid the overgrown of high nutritious algae by weedy ones in damselfish territories). Yet, the authors do not give any indication of such responses.

Discussion:

Here, I have the same problem as in the introduction. The majority of the sentence appears to be untied from each other or the study finds.

Line 313-315: I haven't seen any signal of plasticity or adaptability, the last not even close to being tested during the study.

Line 315-323: I could not understand the link between the previous sentence and this part of the text.

Line 324-325: Strange sentence arrangement. Furthermore, the entire paragraph could be easily deleted.

I believe that the discussion needs to be rewritten and based only on the study finds, for example, what are the negative effects of being less aggressive? What is the physiological downside of change such behaviour? Could the behaviour change be beneficial to the individual, population or community?

Jumping to the conclusion which I found extremely shallow, I would suggest the authors, to make deep changes and finalize the text with the most important take away message from the results.

Reviewer \#2: This study deals with understanding the behavioral changes of Stegastes fuscus under warm water conditions.

The results from the manuscript are overall clear, and the statistical analyses are good. However there are several changes that need to be completed before the manuscript is published. The most pressing problem is that the article is filled with multiple errors in grammar and syntax that make the manuscript somewhat difficult to follow. I would respectfully encourage the authors to use either a software (Grammarly for example) or the help from a colleague to improve the writing. Here I am only presenting detailed comments for the Introduction, but a thorough revision should be done for the whole manuscript.

One of the concerns that I have with the introduction is that the authors mention multiple times that coral reef fishes are resilient to climate change, or that some species are (including S. fuscus) are not thermally sensitive. I think the authors should be careful about this sort of claims, as even when fishes don\'t die immediately after a acute warming (like corals), they do suffer detrimental effects in their aerobic metabolism, reproduction, developmental rates and behavior. I think a better approach to modify the introduction is to discuss the detrimental effects on fishes first, and then also discuss how increased temperatures will affect coral cover and reef structure (But avoid comparing corals to fishes), and how barren environments can affect the behavior in the end.

The questions for the manuscript are not clearly presented, thus it might be better to change the small summary at the end of the introduction (Lines 85-90) with the main research questions and predictions of what the authors expect to find.

There is also information missing from some of the methods. The experimental design is a bit unclear, line 113 fore example, was there one fish per tank? Further there was no mention as to what was the temperature on the experimental tank where the behavior was recorded? was it 28C or 34C? This is important as some of the fish from the experiment might be responding to shock, rather than the experimental conditions. There is also no mention of the software packages used for the statistical analyses (was it all done in R?).

The discussion is unfortunately not very clear, as many ideas are repeated multiple times, making it difficult to follow. I must suggest the authors to revise this section extensively. The authors should mention in the discussion that the experimental temperatures are well within the range that these species experience today, and that conditions on those tidepools might be much warmer than 34C by the end of century. Another limitation is that the authors don\'t discuss the specific effect of fish stress when being in a barren environment for along time. Please include in the discussion the manuscripts by:

\- von Krogh, K., Sørensen, C., Nilsson, G. E., & Øverli, Ø. (2010). Forebrain cell proliferation, behavior, and physiology of zebrafish, Danio rerio, kept in enriched or barren environments. Physiology & behavior, 101(1), 32-39.

\- Näslund, J., & Johnsson, J. I. (2016). Environmental enrichment for fish in captive environments: effects of physical structures and substrates. Fish and Fisheries, 17(1), 1-30.

There are some ideas in the discussion that are not well stated. For example, lines 359-361 suggest that changes in temperature lead to changes in salinity and O2, which leads to coral mortality. The main cause of bleaching is temperature increase and the loss of the association between symbionts and corals.

Finally, the authors could make some of the fish videos available on Youtube or other video sharing website, so colleagues can see the experiments. This would be a nice addition to the manuscript.

Minor revisions:

Line 39: The more drastic change in pH is caused by the increase of Partial pressure of atmospheric CO2. Thus I don\'t know how relevant pH is in this statement.

Line 44: Underwater is one word

Line 50: replace \"species\" with \"organisms\", since you are not talking about a specific group.

Line 55-58: This line is a bit confusing, please consider reorganizing these ideas.

Line 59: I must encourage the authors to revise this. Coral reef fishes are very sensitive to changes in water temperature. Rephrase this to \"Previous studies suggest that changes in behavior of coral reef fishes could be associated to fluctuations in environmental conditions\".

Line 61: Replace \"in this respect\" with \"Thus,\"

Line 66: is this diel migrations, or actual long range movements?

Line 67: Again I think it\'s tricky to suggest that some fishes are not affected by temperature. A much better approach could be just describing the distribution of the dusky damselfish, rather than speculating that it\'s not thermally sensitive.

Line 81: \"may increas 2-4C on average,\"

Lines 85-90: This section should have the main questions of the manuscript. At the moment it is more like a summary of the paper. Please consider re-structuring this section.

Line 104: replace \"captures\" with \"samplings\"

Line 159: Please check the numbers of the Tanks. Is this the correct name of the treatments?

Lines 313-315: I don\'t think adaptability was measured here, since the effect that was measured was plasticity.

Lines 344-349: This section is confusing, as they both say very similar statements, but in one sentence it is temperature, but in the other it is CO2 and O2. Please edit this section for clarity.

Lines 359: \"such as salinity\"

Line 359-361: This doesn\'t seem right. Please edit for clarity.

Reviewer \#3: This ms aims to provide data on damselfish behavior using a mirror exposure and mimicking the presence of conspecifics in lab experiments facing high water temperature (34oC) and combined effect of lack of complexity. The Dusky damselfish is endemic to the Brazilian coast and since distribution occurs from tropical to subtropical latitudes (5oS to 27oS), it is considered a thermotolerant species. Damselfishes are claimed to be key species as they can enhance diversity, PPL rates and biomass of algae inside their territories, thus they can function as good indicators. As a result, the authors concluded that temperature and complexity combined affected mobility and aggressiveness. Warmer temperatures caused a decrease in displays like threats and attacks and an increase in vigilance and immobility. Low complexity treatments caused more aggressive displays than those in complex scenarios. The project idea is interesting for all those working in marine environments, namely reef systems, to understand how organisms will cope with environmental changes. Although the results are compatible with expectations I suggest authors to engage in additional efforts to convince readers that those experiments are worthy for publication. I see that many parts of the ms need more work and reference support, including the introduction and discussion. Especially in the discussion, there are many speculations that make the text fragile based on what was tested and proposed in lab. The experimental design needs much more details on the ms.

General comments!

\- The Dusky damselfish was considered by the authors as thermotolerant species, as being widespread along the Brazilian coast, as so, why this species would be a good indicator for changes in temperature or another impact related to climate change? If in the natural habitats, tide pools, this species can cope with 36oC, how to support this species as good to lab experiments on this topic instead of a less resistant species?

\- The hypotheses need to be clarified; the design is not clear for aggressiveness.

\- Damselfishes are very resistant to life in aquarium and definitely good for experiments in lab. Their natural diet includes algae and a little bit of live, animal material, depending on species. However, in captivity they can accept many different ratios. That said, if there is possibility of running experiments on the natural habitat, where different regimes of temperature can be managed, and fishes are health with a natural diet, why not have these comparisons done?

\- Two samples of twelve fishes (n=24) were reported, but disease events and discarded fishes were also mentioned, how many fishes were finally used to run each treatment and how was this managed with statistical analysis? How 36 experiments were run and only 24 fishes were available? It will be of great help see n=samples number above graphics!!

\- Each 12 tanks had the same circulation system, so there are two blocks missing in the analysis.

\- What is a control for each treatment?

\- Q3 and Q4 seem to be same thing. It seems that from a 45 degrees of the mirror, if one are far from the base, it can see its reflection.

\- How a fish was chose for the test tank? Are they take back for the same block and tank?

\- Did the Greenhouse-Geisser correction effect was tested anyway?

\- I am not convinced that have time out of the analysis is corrected! Fish would count as a random factor. The Q comparisons seem not necessary.

\- How the experiment has 96 degrees of freedom with only 36 replicates?

\- The final message, "mitigating the effects of global warming\", is tricky, but not of general interested for scientific public working in reef systems. For that, I suggest based on what the results show, to indicate further experiments needed to understand effects of temperature on reef organisms including fishes. Managers need to know how stressors will affect the normal functions of natural systems, especially those mediated by species. But also important is how they can implement management or conservation strategies that could mitigate global change effects.

Line 40 -- characterized by HIGH species diversity;

Line 41 - Most of tropical reefs do not go through high temperature fluctuactions, so this generalization need to be rephrased;

Line 42 -- overtheir;

Line 47 -- For \"feeding needs\", you meant nutritional requeriments?

Line 56 - Need rephrasing. Typical reported phase shifts events include domination of algae over corals. Corals are important framework of tropical reefs. Algae mortality is another interesting event but not usually reported for tropical reefs. Please, try to rephrase this sentence in order to a better understand of what process you really want readers to pay attention;

Line 65 -- reproduction PATTERNS, COULD influence;

Line 70 - This affirmative of no physiological responses in face of a high latitudinal distribution needs a reference support, it is just too speculative, but an interesting topic to be further investigated;

Line 75 -- Need a reference in studies considering the Dusky Damselfish;

Line 77 -- Needs a proper reference;

Line 84 -- Energy=nutrients for damselfishes came from their turf matrix in territories, which includes algae, detritus and associated cryptofauna. All these itens can be part fo their diets pending on species. How these food sources will be affected by rise of temperature? Feeding rates clearly are affected by temperature. Territorial defence is a density dependant process which needs to be discussed considering the density of conspecifics and heterospecifics;

Line 309 -- One important aspect not evaluated by authors is feeding rates. Feeding rates is an important measure to understand patterns of energy flux throughout the food web. Lab experiments can also be important to test how feeding rates will be affected by temperature. Said that, the discussion need more on that issue;

Line 343 -- Physiological displays = vigilance and immobility?? These are in fact behavioural aspects!!

Line 359 -- as salinity;

Line 382 -- How rise in water temperature may decrease food availability? This assumption need more details.

\*\*\*\*\*\*\*\*\*\*
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Rebuttal letter

Reviewer \#1: General comments:

Dear reviewer \#1, thankyou for your time and comments when revising our manuscript. In fact, the article approaches only one fish species, as it was a study developed during the master degree enrollment of the first author. Our aim was not to study the effects of warming on the whole ecosystem, as it would have taken several years, but however, we could address an up to date topic by responding a simple question of behavioral change, and thus we focused in the most characteristic behavior of an endemic fish species: aggression.

Regarding your concerns about the text, you will notice that we have accepted all suggestions from you and the other 2 reviewers, and the final version was modified and improved. The specific comment you have pointed are approached bellow:

Specific comments:

Abstract:

Line 18: The author\'s statement "Due to the high anthropogenic impact of temperature, the pH, oxygen and structural complexity of many environments has changed." sounds wrong. I would rephrase it. Warming is caused by the increase in atmospheric CO2 concentration, and the way that warming regulates pH could be somehow questionable, once that drops in pH (ocean acidification) is also directly associated with elevated atmospheric CO2 and primary production. The first sentence was changed to be more adequate to the context of the article

Line 24: This is unnecessary information "Fish behavior was recorded for 5 min before 25 and 5 min after mirror exposure."- sentence was removed

Line 28-30: Motherhood statement that does not move the field forward and also does not match with the study finds. Sentence was removed and a new final phrase was added

Introduction:

The introduction was revised and many parts were altered, as suggested.

Line 35-58: The first two paragraphs could be easily mutated to a single paragraph. Other reviewers have suggested changes to these paragraphs; thus it was almost completely changed.

Line 80-91: The hypothesis tested is based on assumptions not evaluated during the experiment which in my opinion is the biggest flaw in the study. Climate change is known for affecting species with different strength (some species may have suffered stronger physiological setbacks than others), such negative effects could be diminished or buffered by environmental complexity (see Goldenberg et al. 2018) and species interactions. Additionally, behaviour changes could be a simple and straightforward strategy to diminish physiological impairments or even take a chance to boost performance (Ferreira et al. 2018). The text was rewritten and the hypothesis is clearly presented.

Materials and Methods:

Line 103: the sample size appears to be wrong by my calculations you collected 36 fish. Am I wrong? We have included a statement presenting the reason why sample size differs. In fact, we have sampled 48 fish, however, due to sampling with a net, transportation to the lab and the changing in holding conditions, we have to exclude 12 fish. Some of them were excluded because of injuries during the sampling, other became sick at the lab (probably because these fish were not in the better health conditions when were captured and the stress may have declined their conditions, and other were excluded because they stopped feeding at the lab). Thus, final total number was 36 fish.

Results:

First, due to low replication (sampling size vary from 6 to 12), I would appreciate seeing individual data points in the figures. Changed as requested.

Second, Figure 3, in my opinion, is not necessary. We disagree that figure 3 should be deleted. It shows area occupancy before and after the mirror exposure and the figure indicates that fish were not using the closet area to the mirror before (Q4), but as soon as the mirror is shown, fish respond to it and occupied area Q1. Although it was not affected by temperature and complexity, the figure shows that fish still respond to the "intruder".

Figure 4, does not necessarily help since behaviour is not been affected by habitat complexity (left panel) and temperature (right panel) appears to have only a mild effect on fish behaviour, and as I said before, complexity buffer warming effects (Goldenberg et al. 2018). Again, that figure shown behavioral change and as other reviewers did not mention anything related to excluding these figures, we decided to maintain them.

I do have a question. During the behaviour test, the authors took feeding into account. However, is not clear in the experiment design how much food was available or how the authors made it available. Was it turf algae that grew in the experimental setup or it was food pallets? Was the food available in the same amount for all fish? Note that it could have serious implications on the results of the experiment. I would expect that fish in low complexity and higher temperatures would spend more time feeding (based on Metabolic Ecology Theory by Brown et al. 2004), or gardening (Ferreira et al. 2018, to avoid the overgrown of high nutritious algae by weedy ones in damselfish territories). Yet, the authors do not give any indication of such responses. Indeed, we have not offered food during the behavioral test (10 min in the test tank). The dusky damselfish is known to be a gardener in the natural environment and the bottom nibbling is a innate behavior that was observed even when no food was available. Thus, we recorded the behavior as it was part of the repertory, but we changed the nomenclature to "substrate nibble" instead of "feeding". However, we in fact observed that fish reduced feeding over the 30 days period, mainly in the barren warmer condition, but as we have not consistently recorded the amount of food consumed, we did not include this information in the MS.

Discussion:

The discussion was entirely revised and most of it re-written.

Line 313-315: I haven't seen any signal of plasticity or adaptability, the last not even close to being tested during the study. Adaptability was removed from the sentence and we added a citation, as this information was not produced by our data, but is a result of other authors study

Line 315-323: I could not understand the link between the previous sentence and this part of the text. The sentence was removed and a novel paragraph was built

Line 324-325: Strange sentence arrangement. Furthermore, the entire paragraph could be easily deleted. As the text was re-written, the pointed phrase was removed

I believe that the discussion needs to be rewritten and based only on the study finds, for example, what are the negative effects of being less aggressive? What is the physiological downside of change such behaviour? Could the behaviour change be beneficial to the individual, population or community? We agree with the reviewer and the discussion was almost entirely re written.

Jumping to the conclusion which I found extremely shallow, I would suggest the authors, to make deep changes and finalize the text with the most important take away message from the results. The last part of the discussion is more robust in this new version.

Reviewer \#2:

Dear reviewer \#2, we are very glad with your comment and suggestions to improve our text. We have accepted all suggestions and you will find almost completely re-written text. We agree that we have been using a confusing statement when we say that S. fuscus is tolerant to thermic stress. In fact, these fish have more wide tolerance range, however, temperature changes affect them and cause lots of detrimental physiological and behavioral responses. We have changed our approach and included some novel statements to our MS.

The questions for the manuscript are not clearly presented, thus it might be better to change the small summary at the end of the introduction (Lines 85-90) with the main research questions and predictions of what the authors expect to find. We understand the point. We have changed the text and avoided characterizing the fish as thermotolerant, presenting the area and temperature range it occurs. From lines 85 to 90, it was completely rewritten and a clear hypothesis is presented.

There is also information missing from some of the methods. The experimental design is a bit unclear, line 113 fore example, was there one fish per tank? Further there was no mention as to what was the temperature on the experimental tank where the behavior was recorded? was it 28C or 34C? This is important as some of the fish from the experiment might be responding to shock, rather than the experimental conditions. Methods section was revised and we have included missing information pointed out by the reviewer. In fact, fish from each holding temperature was also tested in the same temperature, i. e. fish from 28 was tested in 28 degrees and fish from 34 was tested in 34 degrees. Also, fish were held in visual isolation from neighbours to avoid physical combat and injuries, but they were kept with chemical communication through water exchange.

There is also no mention of the software packages used for the statistical analyses (was it all done in R?) Univariate analyses (two-way and repeated measures ANOVA tests) were performed in the software Systat 12 and the multivariate procedures (PERMANOVA and SIMPER tests) in the software Primer 6 with PERMANOVA add-on. This information are now mentioned in the revised version of the manuscript.

The discussion is unfortunately not very clear, as many ideas are repeated multiple times, making it difficult to follow. I must suggest the authors to revise this section extensively. The authors should mention in the discussion that the experimental temperatures are well within the range that these species experience today, and that conditions on those tidepools might be much warmer than 34C by the end of century.

Another limitation is that the authors don\'t discuss the specific effect of fish stress when being in a barren environment for along time. Please include in the discussion the manuscripts by:

\- von Krogh, K., Sørensen, C., Nilsson, G. E., & Øverli, Ø. (2010). Forebrain cell proliferation, behavior, and physiology of zebrafish, Danio rerio, kept in enriched or barren environments. Physiology & behavior, 101(1), 32-39.

\- Näslund, J., & Johnsson, J. I. (2016). Environmental enrichment for fish in captive environments: effects of physical structures and substrates. Fish and Fisheries, 17(1), 1-30.

There are some ideas in the discussion that are not well stated. For example, lines 359-361 suggest that changes in temperature lead to changes in salinity and O2, which leads to coral mortality. The main cause of bleaching is temperature increase and the loss of the association between symbionts and corals.

Finally, the authors could make some of the fish videos available on Youtube or other video sharing website, so colleagues can see the experiments. This would be a nice addition to the manuscript.. We accept the suggestion and we have chosen one of the videos to make available on youtube. The address is cited on the MS.

Minor revisions:

Line 39: The more drastic change in pH is caused by the increase of Partial pressure of atmospheric CO2. Thus I don\'t know how relevant pH is in this statement. We removed mentions to pH

Line 44: Underwater is one word corrected

Line 50: replace \"species\" with \"organisms\", since you are not talking about a specific group. corrected

Line 55-58: This line is a bit confusing, please consider reorganizing these ideas. Re-written

Line 59: I must encourage the authors to revise this. Coral reef fishes are very sensitive to changes in water temperature. Rephrase this to \"Previous studies suggest that changes in behavior of coral reef fishes could be associated to fluctuations in environmental conditions\". Done

Line 61: Replace \"in this respect\" with \"Thus,\" corrected

Line 66: is this diel migrations, or actual long range movements? We removed mentions to migration

Line 67: Again I think it\'s tricky to suggest that some fishes are not affected by temperature. A much better approach could be just describing the distribution of the dusky damselfish, rather than speculating that it\'s not thermally sensitive. corrected

Line 81: \"may increas 2-4C on average,\" corrected

Lines 85-90: This section should have the main questions of the manuscript. At the moment it is more like a summary of the paper. Please consider re-structuring this section. Corrected according to studies from Dr. McCormick: In this study we evaluated whether water temperature and structural complexity of habitat may be related to changes in mobility patterns, tanks occupation and behavioral profile of Stegastes fuscus. For this, we subject the animals to classic mirror test and observe if animals kept at high temperature and barren conditions present significant differences in the mentioned variables when compared with group kept in high temperature and enriched habitat (similar to natural habitat). As an increase in temperature raises the metabolic rate of fish and this metabolic alteration promote direct influences in behavior of animals expected that high temperature groups and barren conditions show the lowest results.

Line 104: replace \"captures\" with \"samplings\" corrected

Line 159: Please check the numbers of the Tanks. Is this the correct name of the treatments? Names and numbers are correct

Lines 313-315: I don\'t think adaptability was measured here, since the effect that was measured was plasticity. ok, removed

Lines 344-349: This section is confusing, as they both say very similar statements, but in one sentence it is temperature, but in the other it is CO2 and O2. Please edit this section for clarity. It was re-written

Lines 359: \"such as salinity\" corrected

Line 359-361: This doesn\'t seem right. Please edit for clarity. corrected

Reviewer \#3:

Dear reviewer \#3, thankyou very much for considering our study and suggesting nice modifications to make it clearer and better. We are very thankful for your time and suggestions. We have accepted all of them and most parts of the MS (mainly introduction and discussion) were completely rewritten and new references were added. Please, find the new version of the MS with all suggestions from the 3 reviewers.

General comments!

\- The Dusky damselfish was considered by the authors as thermotolerant species, as being widespread along the Brazilian coast, as so, why this species would be a good indicator for changes in temperature or another impact related to climate change? If in the natural habitats, tide pools, this species can cope with 36oC, how to support this species as good to lab experiments on this topic instead of a less resistant species? Two main reason made us focus on S. fuscus: 1 - Easy collection (high abundance) and (apparent) thermal plasticity; 2 - The species is known to tolerate high temperatures in tide pools for short periods of time (minutes / hours). The purpose of this paper is precisely to understand how animals would respond to long-term thermal stress (days), so it would not make sense to test this in another species that is known to tolerate short intervals of high temperatures

\- The hypotheses need to be clarified; the design is not clear for aggressiveness. The experimental design was better explained in materials and methods. The hypothesis was more clearly described at the end of the introduction.

\- Damselfishes are very resistant to life in aquarium and definitely good for experiments in lab. Their natural diet includes algae and a little bit of live, animal material, depending on species. However, in captivity they can accept many different ratios. That said, if there is possibility of running experiments on the natural habitat, where different regimes of temperature can be managed, and fishes are health with a natural diet, why not have these comparisons done? In fact, it would be excellent to compare data from nature to data from the laboratory. We plan to sample behavior in the field as we have

been observing fish behavior both in nature and in the lab. We observed several differences, for example in relation to the territorial defense, we observed that damselfish from nature are less aggressive against conspecifics than against heterospecific fish. However, we are still analysing these results and comparing the fish defence and neighbour recognition between field and lab sampling. We believe it will be ready for submission in 2020.

\- Two samples of twelve fishes (n=24) were reported, but disease events and discarded fishes were also mentioned, how many fishes were finally used to run each treatment and how was this managed with statistical analysis? How 36 experiments were run and only 24 fishes were available? It will be of great help see n=samples number above graphics!! It is better explained in the MS so that the readers will see that we have sampled 48 fish, 12 held in each closed recirculating system. However, because sampling with a net, transporting and changing holding conditions are very stressful, some fish that we believe were not in its best health became sick or stopped eating and thus we decided to exclude them from the test. Thus, we ended up with 36 fish as described in the MS.

\- Each 12 tanks had the same circulation system, so there are two blocks missing in the analysis. As I mentioned above, some fish were removed from the tests and tanks were maintained empty. We have included the details in the methods section, showing total number of animals used, number of animals composing each group and all statistical procedures.

\- What is a control for each treatment? There is not a control for each treatment. We compared barren versus enriched, thus one is the control of the other. Also, 28 degrees is the usual temperature for maintain damselfish in the laboratory, thus it was the control condition for 34 degrees.

\- Q3 and Q4 seem to be same thing. It seems that from a 45 degrees of the mirror, if one are far from the base, it can see its reflection. Yes, in fact it is the same, however, as using a single back area would double the size to be compared to the two front areas, we had to keep it separated into 2 areas.

\- How a fish was chose for the test tank? Are they take back for the same block and tank? No, each fish was used only once and was part of only one group condition. Thus, each fish was recorded and then euthanized.

\- Did the Greenhouse-Geisser correction effect was tested anyway? We used the Greenhouse-Geisser correction because the RM-ANOVA analysis returned epsilon values of 0.716 and 0.689. According to Girden (1992), when epsilon values are smaller than 0.75 the Greenhouse-Geisser correction is recommended.

\- I am not convinced that have time out of the analysis is corrected! Fish would count as a random factor. The Q comparisons seem not necessary. Fish is the unit that is subjected to repeated measures both across time (before and after mirror) and on different quadrants (Q1, Q2, Q3, Q4), and therefore it is indeed a random factor. The comparison among quadrants was one of the main goals of our experimental design since the time spent in each quadrant reflect how aggressive the fish is (detailed explanation in Methods). The comparison between different times was only to evaluate eventual changes in basal behavior (before vs. after). To the best of our knowledge, there is no way of combining two levels of repeated measures in the same analyses, therefore we decided to separate it in two analyses, one for each time, using the repeated measures of the same fish on different quadrants as the response variable.

\- How the experiment has 96 degrees of freedom with only 36 replicates? As each of the 36 fish was repeatedly measured four times, one in each of the four quadrants for each treatments combination, we end up with a total of 144 replicates and therefore 143 degrees of freedom (1 for each fixed factor (temperature and complexity) and their interaction (T x C); 32 for the residual of between subjects; 3 for the repeated factor (quadrants) and its interactions with fixed factors (Q x T; Q x C; Q x T x C); and 96 for the residual of within subjects.

\- The final message, "mitigating the effects of global warming\", is tricky, but not of general interested for scientific public working in reef systems. For that, I suggest based on what the results show, to indicate further experiments needed to understand effects of temperature on reef organisms including fishes. Managers need to know how stressors will affect the normal functions of natural systems, especially those mediated by species. But also important is how they can implement management or conservation strategies that could mitigate global change effects. We completely agree, thus we have changed our text to be clearer and to suggest next steps in this area of research.

Line 40 -- characterized by HIGH species diversity; corrected

Line 41 - Most of tropical reefs do not go through high temperature fluctuactions, so this generalization need to be rephrased; corrected

Line 42 -- overtheir; corrected

Line 47 -- For \"feeding needs\", you meant nutritional requeriments? corrected

Line 56 - Need rephrasing. Typical reported phase shifts events include domination of algae over corals. Corals are important framework of tropical reefs. Algae mortality is another interesting event but not usually reported for tropical reefs. Please, try to rephrase this sentence in order to a better understand of what process you really want readers to pay attention; The text was rewritten based on suggestions. The part where we referred to algae and corals was removed.

Line 65 -- reproduction PATTERNS, COULD influence; corrected

Line 70 - This affirmative of no physiological responses in face of a high latitudinal distribution needs a reference support, it is just too speculative, but an interesting topic to be further investigated; Unfortunately, there are no studies that relate the wide geographical distribution of the species in Brazil with physiological changes found throughout its distribution. On the speculation that the species is thermotolerant, we prefer to abide by the reviewers\' suggestions and remove the part describing S. fuscus as a thermotolerant species.

Line 75 -- Need a reference in studies considering the Dusky Damselfish; included

Line 77 -- Needs a proper reference; As we did not find reference, we decided to remove the quote from "These species contribute to energy and nutrient transfer in reef environments, as a result of their gardening ability."

Line 84 -- Energy=nutrients for damselfishes came from their turf matrix in territories, which includes algae, detritus and associated cryptofauna. All these itens can be part fo their diets pending on species. How these food sources will be affected by rise of temperature? Feeding rates clearly are affected by temperature. Territorial defence is a density dependant process which needs to be discussed considering the density of conspecifics and heterospecifics; Although we will recognize that the food items of our study species will also be affected by future increases in water temperature and possible changes in the structural complexity of the reefs, the purpose of our study was limited to analyzing the behavioral aspect of the animal. During the experiments the animals were not fed and we did not quantify the nutrient intake by the animals. We agree that territorial defense is a process dependent on the density of co and heterospecifics. Therefore, in our experiment all animals were kept in social isolation both during the acclimatization / adaptation period and during the experiment period.

Line 309 -- One important aspect not evaluated by authors is feeding rates. Feeding rates is an important measure to understand patterns of energy flux throughout the food web. Lab experiments can also be important to test how feeding rates will be affected by temperature. Said that, the discussion need more on that issue; we have included a discussion regarding feeding and methabolism

Line 343 -- Physiological displays = vigilance and immobility?? These are in fact behavioural aspects!! corrected

Line 359 -- as salinity; corrected

Line 382 -- How rise in water temperature may decrease food availability? This assumption need more details. Increase in temperature may affect primary production and thus it can become a cascade that will end up reducing all the food chain. We have included a better approach to this topic in the discussion section.
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PONE-D-19-24418R1

Damselfish face climate change: impact of temperature and habitat structure on agonistic behavior

PLOS ONE

Dear Ana C Luchiari,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by April 11. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Hudson Tercio Pinheiro

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Dear Authors,

The manuscript has been improved following the suggestion of the previous reviewers. We have now minor revisions suggested by two referees. I look forward to receiving a new version of the manuscript and consider the publication at Plos One.

Sincerely Yours,

Hudson Pinheiro

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#4: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: The manuscript is much clearer on this version than on the original submission. For the most part the authors have done a good job replying to the concerns of the reviewers. However, I must respectfully suggest that the authors revise the manuscript before the final submission. Here are some of the sections that should be edited for clarity, but I encourage a more thorough revision of the whole manuscript.

line 37: the line of \"ecological master factor\" this sentence can be deleted

line 43: replace reef with reef\'s

line 65: replace transpire with materialize

Line 74-76: this is a very powerful conclusion that is not entirely supported by the data. I would suggest that the authors just say \"we suggest that natural aggressive behavior of S. fuscus could be affected\"

Line 86: change ppm to ppt (parts per thousand in english). Check the entire manuscript as this is repeated in several places

Line 104: this should be consistent throughout the manuscript, it should be 34C, not thirty-four degrees.

Lines 234-236: Please consider re-writing this line, it is a very important summary of the results, and it is a bit confusing at the moment.

Line 295: change ecological relation to \"interactions\"

Line 296: the species \"shows\"

Line 298: this has to be changed to \" the rate of warming will accelerate in the near future\"

Line 311: change situation for \"scenario\"

Line 323: you did not measure aerobic capacity or swimming speed so please consider re-shaping this section of the discussion.

Line 338: Include the abbreviation \"C\" for degrees Celsius.

LIne 347-329: this line is totally out of context, you could eliminate it without affecting the manuscript.

LIne 350-352: This section is confusing, please revise it.

The authors could present a picture of the fish along with Figure 1.

Figure 2 would be much better with Boxplots, this is just a suggestion and don\'t do the change if it\'s too much work.

Figure 2 and 3 need sub-headings A and B, to recognize what the bar graphs are representing. Check the journal formatting for this.

Check the format of the references, as some have different fonts, colors and styles.

Reviewer \#4: Introduction

The authors have improved the MS with the previews reviews and I have few comments to clarify some points. I suggest the authors pointed out the effects of environmental changes (temperature and habitat) on reef fish behavior and what is its consequences for the coral environment. The authors should indicate the future forecast for the studied region, mainly the temperature and habitat structure projections. I suggest the authors rewrite the hypothesis since their hypothesis is only focused on temperature.

Matherial and Methods

It is not clear how did the authors calculate the swimming velocity through the Behavior recorded.

Minor Reviews

Line 38 -- Change to "For water-breathing ectothermic ..."

Line 323 -- I suggest remove the discussion about aerobic scope since the authors did nor measured the fish metabolism and the discussion seems speculative.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#4: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

15 Apr 2020

Reviewer \#2: General comments:

Dear reviewer, once again we thankyou for your comments on the MS. We have gone through your suggestions, which I comment below. The text was also completely revised for a native speaker.

Specific comments:

line 37: the line of \"ecological master factor\" this sentence can be deleted sentence was removed

line 43: replace reef with reef\'s Changed as requested.

line 65: replace transpire with materialize Changed as requested.

Line 74-76: this is a very powerful conclusion that is not entirely supported by the data. I would suggest that the authors just say \"we suggest that natural aggressive behavior of S. fuscus could be affected\" As the other referee also asked for changes in the last part of the introduction, you will find the text is changed and adequate to what you suggested

Line 86: change ppm to ppt (parts per thousand in english). Check the entire manuscript as this is repeated inseveral places Changed as requested.

Line 104: this should be consistent throughout the manuscript, it should be 34C, not thirty-four degrees Changed as requested.

Lines 234-236: Please consider re-writing this line, it is a very important summary of the results, and it is a bit confusing at the moment We have changed the paragraph to make it clearer

Line 295: change ecological relation to \"interactions\" Changed as requested.

Line 296: the species \"shows\" Changed as requested.

Line 298: this has to be changed to \" the rate of warming will accelerate in the near future\" Changed as requested.

Line 311: change situation for \"scenario\" Changed as requested.

Line 323: you did not measure aerobic capacity or swimming speed so please consider re-shaping this section of the discussion. In fact, aerobic capacity was not evaluated, however, we did measure swimming velocity, as present in figure 2. Thus, we have changed the text to adequate.

Line 338: Include the abbreviation \"C\" for degrees Celsius. Changed as requested.

LIne 347-329: this line is totally out of context, you could eliminate it without affecting the manuscript. Changed as requested.

LIne 350-352: This section is confusing, please revise it. The section was rewrite

The authors could present a picture of the fish along with Figure 1. We included the fish picture as suggested

Figure 2 would be much better with Boxplots, this is just a suggestion and don\'t do the change if it\'s too much work. The first draft sent the journal was a boxplot and other referee suggested changes because it was too polluted figure, thus, we decided not to change back

Figure 2 and 3 need sub-headings A and B, to recognize what the bar graphs are representing. Check the journal formatting for this. We have described graphs A and B in the legend, as you will see

Check the format of the references, as some have different fonts, colors and styles. Changed as requested.

Reviewer \#4:

Dear reviewer \#4, we are very glad about your comment to improve our text. We have accepted all suggestions, as some of them were also suggested by the other referee. We have changed our text according to your suggestions.

Introduction was changed in some parts to make the effects of environmental changes clearer and the hypothesis was rewritten to be more adequate.

Matherial and Methods

It is not clear how did the authors calculate the swimming velocity through the Behavior recorded. We have included a statement presenting how the software deals with the video to calculate velocity. The calculations are performed on a series of frames to produce quantified measurements of the animal behavior. It is known the position of the animals for each frame of the video, and the number of frames per second. Thus, the series of frames is analyzed, and the number of frames changed in a certain time is used to estimate the animal\'s movement.

Minor Reviews

Line 38 -- Change to "For water-breathing ectothermic ..." Changed as requested.

Line 323 -- I suggest remove the discussion about aerobic scope since the authors did nor measured the fish metabolism and the discussion seems speculative. The aerobic scope was removed.
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PLOS ONE

Dear Dr. Luchiari,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jul 02 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Hudson

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Dear Dr Luchiari and co-authors,

I am pleased to accept your manuscript for publication in PLOS ONE. I have only one additional request. Since the whole experiment was recorded in video, I think it would be interesting to have a short video clip showing methods and behaviors (results) associated with the manuscript, what would bring more visibility to the paper and the journal through media. Is it possible to prepare this video and add a link in the methods and results sections?

Best Regards

Hudson

\[Note: HTML markup is below. Please do not edit.\]
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\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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2 Jun 2020

Dear editor, the video required was prepared and is presented at the end of the methods section. Please check the video at <https://www.youtube.com/watch?v=wz_aOkiunOA&feature=youtu.be>
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Dear Dr. Luchiari,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Hudson Tercio Pinheiro

Academic Editor

PLOS ONE
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PONE-D-19-24418R3

Damselfish face climate change: impact of temperature and habitat structure on agonistic behavior

Dear Dr. Luchiari:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Hudson Tercio Pinheiro

Academic Editor

PLOS ONE
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